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Abstract —It is well known that asynchronous impulsive noise 
is the main source of distortion that drastically affects the power¬ 
line communications (PLC) performance. Recently, more realistic 
models have been proposed in the literature which better fit the 
physical properties of real impulsive noise. In this paper, we 
consider a pulse train model and propose a thorough analysis 
of the impact of impulsive noise parameters, namely impulse 
width and amplitude as well as inter-arrival time, on the bit 
error rate (BER) performance of orthogonal frequency division 
multiplexing (OFDM) broadband PLC. A comparison with the 
conventional Bernoulli-Gaussian (BG) impulsive noise model 
exhibits the difference between the two approaches, showing the 
necessity of more realistic models. 

I. Introduction 

Power-line communications (PLC) offer nowadays a very 
interesting alternative to wireless communication systems by 
reusing the existing electrical network infrastructure to trans¬ 
mit high data rates. However, power line channel suffers 
from severe conditions such as impulsive noise, channel 
attenuation, and multipath effects. A good understanding 
of its characteristics is of great importance when developing 
PLC transmission chains and simulating the performance of 
advanced communications technologies. 

To overcome multipath effect and channel attenuation, much 
effort has been dedicated to characterizing and modeling PLC 
channels 0-0. Different types of noise are distinguished 
over PLC networks 0, among them the asynchronous im¬ 
pulsive noise is known to be the most detrimental noise term 
as it exhibits the highest power spectral density (PSD) and 
may thus cause bit or burst errors in data transmission. It 
can reach values of 50 dB above the background noise with 
impulses widths that fluctuate from some microseconds to a 
few milliseconds 0. 

Different statistically-based approaches for modeling the 
PLC asynchronous impulsive noise have been proposed in the 
literature 0-01. Bernoulli-Gaussian (BG) 0 and Middle- 
ton class A 0 are two commonly used PLC impulsive noise 
models, examples of BG noise-based studies are m and Q4). 
These models provide a closed-form and simple probability 
density function (pdf) expression which is needed in designing 
optimum receivers of low complexity. However, they do not 
represent the bursty nature of the impulses observed over 
PLC channels, as they assume independent impulse emission. 
Recently, more realistic models have been proposed which 


better fit the physical properties of real impulsive noise. These 
are Markovian-based BG and Middleton noise models, which 
enable the impulses to be replicated over several consecutive 
noise samples HD, G2J. 

In this paper, we derive an easily tractable noise model 
from the pulse train model proposed in 0, which can be 
fully described by three random parameters: the impulse 
amplitude, the impulse width and the inter-arrival time, whose 
statistical properties can be retrieved from measurements 0- 
We propose a thorough analysis of the impact of impulsive 
noise parameters on the bit error rate (BER) performance of or¬ 
thogonal frequency division multiplexing (OFDM) broadband 
PLC. We applied the conventional BG impulsive noise model 
and compared the BER results using the two models. The 
results exhibited the difference between the two approaches, 
showing the importance of the considered model. 

The rest of the paper is organized as follows. The PLC 
channel model and the impulsive noise model considered in 
our system are presented in Section II. Section III provides the 
simulation results and finally Section IV concludes the paper. 

II. System Model 
A. PLC Channel Model 

An interesting parametric model for PLC channel transfer 
functions (CTF) based on physical effects, such as multi- 
path signal propagation and cable losses, is presented in 
0. The model parameters can be obtained from well- 
known geometry network measurements. For the purpose of 
capturing the random aspect of PLC channels and representing 
its characteristics, statistical extension of this model has been 
proposed in |j2). This work has been refined and built on in 
0, where the CTF defined in the frequency band 2-100 MHz 
is given by: 

N p 

h(f) =Aj^(g i + c i f K2 )e-^+ a ^ K ^e-^^ 1 ', (1) 

i —1 

where A , a o, a\, v, K and K 2 are constant parameters and can 
be obtained from fitting the model to channel measurements; 
«o- a\ and K describe the characteristics of the cables; v is 
the phase velocity of the wave inside power line cables and 
equal to c/ yj iy, where c is the speed of light in vacuum and 
e r is the dielectric constant of the insulating material. The 
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parameters g G Ci , £ t , and N p are random variables 0; gi and 
Ci are the path gain coefficients that result from the product 
of the reflection and transmission coefficients; £i is the length 
of the i-th path; N p is the number of paths. 

In this work, a channel transfer function h(f) is set from 
Eq. 0 . The chosen values of the path-depend parameters are 
presented in TableGJ N p , K, K2, v and A are 5, 2.21, 0.34, 
and 2.4 x 10~ 5 ' 3 , respectively. The power of h(f) in dB scale 
in the frequency band 1.8 — 100 MHz is shown in Figure Q] 


Table I 

Parameters for h(f ) 


i 

9i 

Ci 

h 

1 

-0.14 

0.997 

5 

2 

0.61 

-0.998 

12 

3 

-6.61 

0.998 

30 

4 

-0.3S 

-0.991 

35 

5 

-1.65 

-1.001 

50 



Figure 1. Simulated PLC channel transfer function. 


B. Considered Noise Model 

1) Bernoulli Gaussian (BG) Model: One of the popular 
PLC asynchronous impulsive noise models is the BG model 
0. According to this model, the total noise seen by the 
receiver can be considered as a combination of two distri¬ 
butions: an AWGN background noise Wk with zero mean and 
Og variance, and an independent impulsive noise i k given by 

4 = bkgk, (2) 

where bk is a Bernoulli process and tjk is a Gaussian process 
of variance erf. The total noise, denoted by rife, is therefore 
given by: 

rife = w k + b k gk (3) 

and has the following pdf (6): 

PBG(nk) = (1 -ip) G(nfe, 0, a G ) + G(n k , 0, (1 + g)a G ), 

(4) 


where if) is the probability of occurrence of impulsive noise; 
p = is the impulsive to Gaussian power ratio; G(-) is the 
Gaussian density defined for real noise as: 

G{x,m x ,al) = — l -j= exp(— ^ ). (5) 

o x sJ2it 2o x 

2) Bursty Impulsive Noise Model: In this paper, we derive 
a low complex noise model from the pulse train model 
proposed in 0 . We consider the noise as a sum of background 
noise and impulsive noise, similar to BG noise model. The 
general expression of the bursty noise model is given by: 

n b {t) = o G ■ n Gi (t) + Y2 — im P ( t ^ ) ‘ n G 2 0)> ( 6 ) 

fc=i ° G A “. fc ' 

where imp(t) is the impulse function with unit amplitude and 
unit width; n Gi ( t ) and n G2 (t) are two zero-mean Gaussian 
realizations with variance equal to one; Ni is the number 
of impulses present over the transmission time; o G and cr I 
are Gaussian and impulsive noise amplitudes, respectively; 
7 fc = t A k and t w k are impulse amplitude, impulse 

arrival time and impulse time width, respectively. The three 
random parameters 7 ^, t w k and the interarrival time t IA k 
(t IA k = t A k+i — fc) can be statistically modeled in a fre¬ 
quency band up to 20 MHz using an exponential distribution 
0 . Consequently, for a given a G , the bursty noise model 
can be generated through the three mean parameters of the 
exponential distributions. The mean parameters of 7 ^, t IA k 
and t w k are denoted by T, A and IT', respectively. 

The impulsive noise is characterized by a high PSD that 
can reach values of more than 50 dB above the background 
noise 0 . Consequently, three different values of T were set 
in this study, which are 10, 100, and 1000. Practical values 
of A and W in PLC are 0.015 s and 60 /is, respectively f5l . 
Three other values of A of 0.005, 0.05 and 0.1 were also taken 
into account in order to examine heavier and milder impulsive 
noise conditions. Another value of TP of 1 /is was chosen to 
check the effect of the impulse width characteristic parameter 
on the system’s performance. 

An example of the considered noise model for A = 0.005 s, 
T = 100 and W = 100 ps over a time duration of 500 OFDM 
symbols is presented in Figure [2] It can be noted that 
an impulse may affect one or several consecutive OFDM 
symbols, and many symbols are not affected by impulsive 
noise. It is also important to note that the effect of the 
impulsive noise is spread to all the subcarriers in an OFDM 
symbol due to the receiver discrete Fourier transform (DFT) 
operation. 

III. Simulation Results 

In this Section, we provide simulation results of BER 
performance of OFDM system over a PLC channel impaired 
by impulsive noise. We assumed ideal synchronization and 
the channel state information is supposed to be known at the 
receiver. The binary phase-shift keying (BPSK) modulation 
scheme is used. The OFDM modulator block is implemented 























Figure 2. Impulsive noise model with A = 0.005 s, T = 100 and 
W = 100 [is. 



Figure 3. BER performance for different values of A and for T = 100 and 
W = 60 [is. 


using N = 1024 point inverse fast Fourier transform (IFFT) 
in the frequency band 1.8-10 MHz. The sampling frequency 
is 24.999936 MHz. The subcarrier spacing is 24.414 kHz, 
in respect to the subcarrier spacing specified in HomePlug 
Alliance fT5l . After IFFT, a 150 (6 jis in time) length CP 
is added at the beginning of the OFDM symbol. The length 
of the extended OFDM symbol is 1174 samples (46.96 /.(s 
in time). The noise nb(t) was generated over a transmission 
time of 10 6 OFDM symbols before the symbols transmission. 
During a symbol transmission, the amount of noise from the 
generated nb(t) was then added to the symbol. The results are 
reported as a function of the signal-to-noise ratio (SNR). 

The A parameter, which is the mean interarrival time 
between impulses, can be considered as the most important 
characteristic parameter. It gives information about how much 
the system is affected by impulsive noise. Figure [3 shows 
its influence on the BER performance for F = 100 and 
FT = 60 //.s. The lower the value of A the more dense the 
impulses in the system, the more errors produced. This can 
explain the obtained results where it can be noted that A has 
a significant influence on the BER performance. 

In Figure 0] the system’s performance is illustrated for A = 
0.015 s and for two different values of each of F and IT, 
while keeping the other parameter constant. This allows us 
to examine the influence of the two parameters F and IT on 
the system. The T parameter represents the mean ratio of the 
impulsive noise power to the background noise power. Thus, 
the higher the F, the more error produced in the system. This 
can explain the significant difference between the two resultant 
BERs for F = 10 and F = 1000 with FT = 60 /rs. 

The FT parameter represents the mean time width of the 
impulses, thus the higher the value of FT the more signal 
samples affected by the impulses, the more errors produced. 
An impulse may affect one or more OFDM symbols resulting 
in burst errors in data transmission. By comparing the two 
resultant BERs for FT = 60 /is and W = 1 fis with T = 1000, 


it can be noted that the FT parameter can significantly change 
the system’s performance. At high SNR, a value of FT of 
1 /is can affect significantly the system’s performance (see 
Figure Q}. 



Figure 4. BER performance for two different values of each of T and W 
while keeping the other parameters constant. 

For the reason of comparison, we applied a popular PLC 
impulsive noise model to the PLC channel, like BG model. 
The BG model is characterized by two parameters, if) and 
/i, as described previously. We checked the effect of the %[) 
parameter by setting two values of 0.1 and 0.01, while keeping 
fi = 10. We also checked the effect of the // parameter by 
setting two values of 10 and 1000 with = 0.1, the results are 
depicted in Figure [5] The 'tp and // parameters are analogous 
to A and T parameters, respectively. It can be noted from 
Figure 0 that they have a significant influence on the system’s 
performance. 

By comparing Figure [5] with Figures |3] and 01 it can be 
















































Figure 5. BER performance using BG noise model with different values of 
model’s parameters. 

noticed that the resultant BERs using the two noise models 
follow a different trend. The OFDM performance curves, 
using the BG model, have the same shape as the BER obtained 
with AWGN, but with higher power. However, it is not 
the case, when the considered model is used. This can be 
attributed to the fact that the characteristic parameters of 
the two models are different. The if) parameter represents 
the probability of the occurrence of the impulses within the 
symbol duration. The effect of these impulses is spread over 
N subcarriers resulting in BER performance that follows the 
same trend with AWGN performance. On the other hand, by 
using the considered model, one impulse may affect one or 
several OFDM symbols, and many symbols may not affected 
by impulsive noise at all. 

The BG model can be seen as an impulse train model with 
a similar expression to Eq. ©, with the imp function replaced 
by the Dirac function (without t w k ), and with Bernoulli dis¬ 
tributed t Ak . In order to reproduce the BG model performance 
using our considered model, we set the impulses widths t m k 
to the sampling time dt, that is, we assumed independent 
impulse emission that are exponentially distributed in time 
with no memories (widths). The A parameter was chosen to 
have the same number of impulses within the symbol duration, 
compared with the BG model, and is given by: 

, 1symbol . . 

a “VT^v’ (7) 

where T sym t> 0 i and N are the length of the extended OFDM 
symbol (with the CP) in time and samples, respectively. For 
/i = 1000 and = 0.1, T = 1000 and A = 0.0085 x T sym b 0 i- 
The result is depicted in Figure 0 where it can be noticed that 
they are the same. 


well describes the asynchronous impulsive noise over OFDM 
broadband PEC systems. We examined the influence of 
the three impulsive noise characteristics, namely the impulse 
amplitude, the impulse width and the interarrival time on 
the BER performance. A comparison with the conventional 
BG impulsive noise model highlighted the difference between 
the two approaches and showed that the BG model can be 
considered as a particular case of the considered model. 

In a future work, the BER performance using the considered 
model and the one proposed recently in EH will be compared. 
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IV. Conclusion 


In this paper, we proposed to use a pulse train model 
that is easily implemented on computer simulations and that 










